Sickle cell anaemia (SCA) is a genetic disorder characterised by the presence of haemoglobin S in red blood cells. Current antioxidant treatments are expensive and long-term toxic effects can follow. The present study aimed at evaluating the antisicking and antioxidant properties of Theobroma cacao beans extracts in order to contribute to the management of SCA patients through new therapies based on natural substances. Cocoa bean extracts (from Santchou and Obala) were macerated in a mixture of water/ethanol (pH=3). The anti-sickling activities of both extracts followed by their effects on osmotic fragility of erythrocytes were assessed. Their antioxidant and scavenging activities on free radicals such as 2,2-Diphenyl-1-picrylhydrazyl, 2,2'-azino-bis-[3-ethylbenz-thiazolone-6-sulfonic acid (ABTS) were also investigated as well as their phenolic contents. The cocoa extracts from Obala presented the best antisickling activity with 64.34% sickle cell reduction after 24 h. The extracts from Santchou did not present any sickling reduction after the above-mentioned time. A decrease in the haemolytic percentage was observed while the concentration of saline and extracts were increasing. Cocoa beans extracts revealed a high content in polyphenols, flavonols as well as a high antioxidant potential and scavenged free radicals depending on the test sample concentration, with IC50 ranging between 1.93 and 2.34 μg/mL; 3.85 and 4.46 μg/mL and 3.53 and 4.61 μg/mL, on the free radicals DPPH, ABTS and NO, respectively. Theobroma cacao from Obala exhibited the best in vitro activity and constitute a preliminary step to the development of a future treatment against SCA.
INTRODUCTION
Sickle-cell disease or sickle-cell anemia (SCA) is a genetic disease characterized by the presence of haemoglobin S (HbS) in red blood cells. This HbS is an abnormal form of haemoglobin A (HbA), a normal protein for the transport of oxygen 1 . Each year, over 500,000 children are born with a sickle-cell disease in the world, including 300 000 in Africa 2 . The prevalence of sickle-cell trait varies depending on the country. It is 15 to 25% in Central and West Africa, 10 to 12% for black Americans and between 1 to 15% in the Mediterranean regions 2 . SCA is a major public health problem in black Africa 2 . Since 2009, the management/treatment of sickle-cell disease is one of the priorities of the World Health Organization (WHO) for Africa and SCA is ranking fourth of the priorities of the global health after cancer, acquired immunodeficiency syndrome (AIDS) and malaria 3 . In Cameroon, 4,000 children are born each year with the sickle-cell disease, all age groups are affected but the youths of 10 to 29 represent about 89.2% of patients. According to WHO 4 , the prevalence of SCA in this country is around 2-3%. Cameroon alone has 2 of the 50 million sickle-cell patients identified worldwide and 50% of the patients die before the age of five 5 . The physiopathology of sickle-cell disease shows that a number of free radicals such as the hydroxyl radical (HO • ), peroxide radical (ROO • ) and superoxide radical (O2 • ) are produced which promote oxidative stress 6 . Several regimens of SCA have been investigated.
Allogenic bone marrow transplantation is the only available cure, but this procedure is limited to a minority of patients because of its high cost, rejection cases due to none histocompatibility (10-15%) and mortality 7 . Many drugs used for the management of sickle-cell anaemia possess antioxidant properties with the mechanisms aiming at reducing or alleviating oxidative stress or free radicals produced during the disease. These include hydroxyurea which stimulates the induction of haemoglobin F (Hb F) that will compensate the malfunctioning of haemoglobin S (Hb S) and also acts as a protector of the body against oxidative stress by increasing the amount of reduced glutathione 7, 8 . Piracetam drug reduces the incidence of sickling crises 9 by reversing the sickling process of erythrocytes. However, the use of hydroxyurea in a long period can be toxic and produces some sides effects such as leg ulcer, mouth ulcer and squamous cell carcinoma 10 . A continuous use of Paracetamol in a higher dose has been shown to produce toxic effects through oxidative stress by destroying cell membranes when it is taken over a long period 11, 12 . Furthermore these drugs are not only expensive but also have incompatibility problems 11 . Therefore, many researchers investigate on phytomedicines that have known therapeutic properties since many centuries to improve the management of the diseases concerned. Several single or mixture of plant extracts have been investigated and different mechanisms of their in vitro antisickling properties demonstrated such as, the leaves of Carica papaya, the fruits of Zanthozyllum heitzii, Piper guineensis, Pterocarpaosun, Eugenia caryophyllata, Sorghum bicolorcan, Sorghum bicolorcan, Pterocarpus santolinoides and Aloe vera 13,14,15 ; or in vivo such as Niprasin (a product from the extracts of four different kinds of plants: the seeds of Piper guineensis, the stems of Pterocapus osun, the fruits of Eugenia caryophyllum and the leaves of Sorghum bicolor). The in vitro antisickling properties of a mixture of six plant extracts including Theobroma cacao (T. cacao) have been previously demonstrated 16 . In most of these studies, the antisickling properties of plant extracts have been correlated with their antioxidant activities due to the presence of high polyphenol content. Also, previous studies showed that resveratrol, a natural polyphenol and antioxidant molecule from green tea revealed antisickling and Hb F induction properties 17 .
Cocoa (Theobroma cacao) is a plant of the family Sterculiaceae. This plant can be found in several countries in South America and sub-sahara Africa. In Cameroon T. cacao is cultivated in seven of the ten regions of the country which include (Centre, South, East, Littoral, Southwest, West and Northwest regions). The phytochemical analysis of the fruits of T. cocoa from 5 regions of Cameroon (Mbalmayo, Santchou, Obala, Penja and Bertoua) showed the presence of higher concentrations of theobromine and many classes of polyphenols 18 . Studies have shown that polyphenols, flavonols and tannins present in cocoa have beneficial effects against oxidative stress and diseases associated with oxidative stress such as cancer 19 , by increasing the activities of antioxidative enzymes 20 , the level of liver thiols, reducing the level of oxidative damage 21 and increasing the resistance to hydrogen peroxide 22 . The present study was performed to investigate the antisickling and antioxidant properties of fruits extracts of Theobroma cacao harvested in Obala and Santchou in the Centre and west regions of Cameroon respectively.
MATERIAL AND METHODS

Plant:
Beans of Theobroma cacao (Sterculiaceae) collected at Obala and Santchou, two localities respectively in the Centre and West regions of Cameroon.
Blood samples:
The blood samples used to determine the antisickling activity of the plant extracts in this study were given by 05 homozygote patients SS aged between 4 and 22 years regularly consulted in the Yaoundé Central Hospital. According to the patient age, a written informed consent was signed by either child parents or adult patients participating in the study. All the research procedures received the approval of the Regional Ethics Committee for Research on human health in the reference centre number 0282/CRERSHC/2016.
Plant collection: Beans of Theobroma cacao (Sterculiaceae)
were collected on the 13 th of August 2013 and identified under the reference number 60071/H.N.C at the National Herbarium of Yaoundé, Cameroon.
Preparation of extract:
After fermentation and drying (3 days of fermentation and dried for one week under the sun for the Santchou cacao beans, 4 days of fermentation and two weeks of drying out of the sun for the Obala cacao beans). They were crushed and an aliquot of 197 g was extracted by maceration for 48 h in a mixture of water/ethanol (30V/70V; pH=3). The mixture was then filtered using Buchner funnel and Whatman No. 1 filter paper. This process was repeated once on the residue after 24 h. The filtrate was concentrated using a rotary evaporator and the extracts were dried in an oven at 55 °C for two days. Each crude extract obtained was labelled and kept in the freezer.
Antisickling Activity
Antisickling assay
Five millilitres of blood samples obtained from patients were centrifuged at 3,000 rpm for 5 min and the plasma removed. Red blood cells (RBC) obtained were washed twice in 0.9% saline. The washed RBCs of sickling induction as well as antisickling properties of extracts/standard, followed a previously described method 23 with some modifications. Briefly, in three cryo-tubes containing 200 µL of different concentrations of extracts; 500, 1000 and 2000 µg/mL; 200 µL of SS blood (previously diluted in NaCl: 1/12) were added. In two other tubes constituting the positive and negative controls where the extracts were replaced by quercetin 1000 µg/mL and 0.85% NaCl respectively, 5 µL of each mixture were fixed on the slide and sealed with nail polish and a cover slip. After mounting the slide under an optical microscope, the number of red blood cells was counted in 5 fields, at different periods of time 1 h, 2 h, 3 h, 4 h, 6 h and 24 h. The curves of sickling percentage at various concentrations over time were plotted. The percentage of sickle cells was calculated using the formula:
(%) Sickling = Number of sickle cells × 100/total cells.
Erythrocyte membrane stability activity
The osmotic fragility of erythrocytes measures the membrane stabilizing effect of the extracts in osmotic stress/hypotonic lysis incubation. We used the method described by 24 . Nine solutions of concentrations varying between 0% and 0.85% were prepared from 1% NaCl. From each extract solution, dilutions were made to obtain 500, 1000 and 2000 µg/mL. For each test tube, 800 μL of the NaCl solution at various concentrations and 200 µL of extracts at different concentrations were introduced. Then 10 µL of blood were added. The mixture was allowed to stand for 24 h. The supernatant was recovered with a micropipette and the optical density was read at 540 nm against the blank containing NaCl at various concentrations instead of the extract. This wavelength gives the difference between intact cells and lysed cells.
Antioxidant Properties of the Extracts
Total polyphenol content (TP)
The Total polyphenol content assay was carried out for the evaluation of the antioxidant activity 25 . We introduced 200 µL of each extract (1 mg/mL) into a test tube, added 800 µL of the Folin Ciocalteu reagent (1/10 dilution) and 2 mL of sodium carbonate solution (7.5%). After stirring, the mixture was kept for 2 h in the dark and the absorbance was measured at 765 nm. The total polyphenol content was determined from a standard curve plotted with quercetin in a concentration range of 0-300 µg/mL and expressed in mg equivalence of quercetin per gram of dry extract (mg eq QE/g of extract).
Total flavonols content (TF)
Total flavonols content assay was carried out for the evaluation of the antioxidant activity using the standard method 26 with slight modifications. In different tubes, we introduced 2 mL of each extract and 2 mL of aluminium chloride (2%) and 3 mL of sodium acetate of 50 g/L concentration were added to each tube and the mixture was homogenized. The mixture was incubated for 2 h at a temperature of 20 °C and the absorbance was read at 440 nm. The total flavonols content was calculated using the equation derived from the calibration curve with quercetin as standard and the value was expressed in mg equivalence of quercetin per gram of dry extract (mg eq QE/g of extract).
Total antioxidant activity by ferric reducing antioxidant power assay (FRAP)
The FRAP method was used to determine the total antioxidant activity which measures the reduction of ferric iron to the ferrous form in the presence of antioxidant compounds 27 . For each extract (1 mg/mL concentration), 75 µL were introduced into different test tubes and then 2 mL of FRAP reagent were added. The mixture was incubated for 12 min and the absorbance was read at 593 nm. Vitamin C was used as standard and the results were expressed in mg equivalence of vitamin C per gram of dry extract (mg eq vit C/g of extract)
Scavenging Activity of DPPH Radical
The DPPH free radical scavenging assay was carried out for the evaluation of the antioxidant activity 28 . Briefly, in 3 mL of each diluted extract / positive control (quercetin), 1 mL of methanol solution of 0.1 mM DPPH was added. The mixture was kept in the dark at room temperature for 30 min and the absorbance was measured at 517 nm against a blank. The following equation was used to determine the percentage of the radical scavenging activity of each extracts:
The concentration of extracts and positive control which scavenged 50% of DPPH radicals was calculated and represented as IC50 (μg/mL).
Scavenging activity of NO radical
The scavenging activity of the extracts on nitric oxide radical was measured according to the method described by Garrat (1964) 29 using the Griess Illosvoy reaction. 0.5 mL of extracts / positive control (quercetin) were introduced at various concentrations in the test tubes. Then were added respectively, 2 mL of SNP (sodium nitroprusside 10 mM), 0.5 mL of phosphate buffer (0.5 M) and Griess reagent 1 mL. The pink chromophore generated was measured by spectrophotometry at 540 nm against the blank.
Percentage of radical scavenging activity = [(OD control -OD sample)/OD control] × 100.
The concentration of extracts or quercetin which scavenged 50% of NO radicals was calculated and represented as IC50 (μg/mL).
Scavenging activity of ABTS radical
The scavenging activity of the extract on ABTS radical was measured according to a described method 30 . To 75 µL of extract / positive control (quercetin) at different concentrations introduced into the test tubes was added 2 mL of ABTS + , the mixture was homogenized and incubated for 6 min in the dark and the absorbance was measured at 734 nm against blank.
Percentage ABTS radical scavenging activity= [(OD control -OD sample)/OD control] × 100.
The concentration of extracts or quercetin which scavenged 50% (IC50 (μg/mL) of ABTS radicals was calculated.
Statistical analysis
Each test was performed in triplicates and the results were expressed as mean ± standard deviation. The Kruskal-Wallis test was used, followed by post-hoc Dunnett to analyze the antioxidant potential and antiradical activity of each plant extract, in order to determine significant differences (p < 0.05). The Mixed Linear Effect Model helped to study the interactions between factors (extracts, concentration and the repeated time factor) after data restructure. The Spearman correlation enabled us to establish correlations between plant extracts and various anti-radical methods. IC50 were determined by the use of multiple regression analyses. The software SPSS version 16.0 for Windows 7 was used for statistical analysis.
RESULTS
Antisickling properties
The results of sickling induction showed an increase in sickling cells percentage from 4.52% to 41.50% after 24 h depending on the RBC used. Figure 1 shows the results of the effects of extracts on the sickle cells. The percentage of sickle cells between 0 h and 24 h increased significantly (P < 0.05) from 4.52% to 41.50% in the control group. The sickle cell percentage on Figure 1 gives information on the rate of sickle cell inhibition percentage. Then, the sickle cell percentage less than 5% with both Obala and Santhou extracts (EON, EON), means at least 95% of sickle cell inhibition. It is noticeable that EON started losing its inhibition property after 4 h while ESN inhibition activity still increases up to 24 h. Figure 2 shows the effects of time and concentration on different extracts on sickling reduction percentage. For each extract, the sickling reduction is time and concentration dependent excepted for ESN which presented its highest activity at 4 h. After 2 h, 4 h and 24 h at all the concentrations, quercetin as positive control, had the highest percentage reduction followed by EON.
The osmotic fragility of the membrane of RBC was assessed at different concentrations of extracts and salts (NaCl) and the results are represented in the Figure 3 . These results demonstrate that the percentage of haemolysis varied depending on the type and concentration of extracts as well as the concentration of salts.
The haemolysis percentage of all extracts and control decreased by increasing the salt concentrations. When fixing each extract concentration, all extracts decreased significantly the red blood cell haemolysis with salt concentration dependency from S0.35 to S0.85 compared to S0. The extracts of "Obala" decreased considerably the red blood cell haemolysis compared to other extracts (Figure 3 ).
The interaction between extracts and salts concentrations revealed that, EON has the lowest percentage of haemolysis with extracts and salt concentrations dependency with a significant difference (P < 0.05) between 500 µg/mL and 1000 µg/mL at S0 and S0.15 (Figure 3 ).
Antioxidant properties
The results of total phenol content and antioxidant properties of extracts from cocoa are shown in the Table 1 . The total polyphenols and flavonols contents of the extracts of T. cacao as well as their antioxidant capacities especially those from EON were higher compared to ESN. Table 2 presents the 50% inhibitory concentration (IC50) of extracts which varied depending on the extracts and the radical used. These values ranged between 1.93 and 5.9 µg/mL. Quercetin had the lowest IC50 in all the three radicals tested (ABTS, DPPH and NO radicals), followed by EON in ABTS and NO radicals. 
DISCUSSION
The variation of the percentage of sickling cells in this study may be explained by either the difference of age but also by gender, genetic and environmental conditions which are different between the patients who accepted to give their blood. The average of the initial percentages of sickling cells was 4.52% before induction. This value increased to 41.50% after 24 h of induction and is lower than that obtained by Nanfack et al. 15 and Joppa et al. 23 which were 52.08% and 96.5% after 2h and 3h respectively using sodium metabisulphite (2%) for induction. This is explained by the fact that the creation of hypoxia conditions by sealing the slides with nail polish induces sickling of cells very slowly compared to induction with sodium metabisulphite (2%).
The effects of T. cocoa extracts to prevent the induction of sickling of cells varied depending on the nature of the extracts, its concentration and the region where the plant was harvested. Compared to ESN, EON showed the best inhibitory activity with an average percentage of sickling reduction of 64.34% after 24 h. This could be explained by the fact that, the presence of phenolic components in the extracts inhibited the polymerization of haemoglobin S in vitro. It could be possible that this extract acts by increasing the latent period prior to polymerization of haemoglobin and makes haemoglobin more soluble 31, 32 . This activity could be attributed to flavonoids (flavonols), the flavonoids that are involved in inhibiting the deleterious effects of reactive oxygen species of oxygen produced during sickle cell anaemia 33 . This result is comparable to that of Egunyomi et al. 34 who obtained a sickling reduction of 63.8% with their first plant mixture. It is higher than that obtained by Nanfack et al. 15 who obtained 39.5% for the fruit extracts of Zanthoxylum heitzii, lower than that obtained by Gbadamosi et al. 16 showing 71.6% with their first plant recipe that contained T. cocoa. Joppa et al. 23 obtained a sickling reduction of 81% with the extracts of Morinda lucida.
The Santchou extracts had the second-best inhibitory activity. The sickling reduction percentage average after 4 h of induction was 39.25% and 0.00% after 24 h of induction. Nanfack et al. 15 obtained a comparable result with 39.5% inhibition using the fruit extracts of Zanthoxylum heitzii. We noticed that this extracts from Santchou loosed their activity after 4 h to have almost no activity at 24 h. Since there is a relationship between the antisickling and the antioxidant potentials of most extracts 15 ; It is well known that the antioxidant potential is kinetic dependent 35 . The lost of ESN anti-sickling activity after 4 h could be explained by its rapid antioxidant kinetic. Further research needs to be done in order to clarify this assertion.
However, we observed a decrease in activity at 2000 μg/mL concentration for sample 3 (blood) with respect to the two extracts at 24 h of induction and sample 5 (blood) at 4 h and 24 h of induction for the extracts of Cocoa from Obala. This could be explained by the genetic variability associated with the polymorphism and the initial foetal haemoglobin rate of each patient 36 .
The best activity of the cocoa extracts from Obala compared to the cocoa extracts from Santchou is explained by the fact that, these cocoas are grown in different regions, the climate and the composition of the soils not being the same, and also by the fact that fermentation and drying methods are specific to each region.
Regarding the osmotic fragility test of erythrocytes, there was a considerable reduction in the percentage of haemolysis generally with increase in the concentration of the saline solution and the concentration of extracts. For our two extracts, the percentages remained lower than that of the standard. For the five blood samples used, the Obala cocoa extracts had the best protective effect on the erythrocyte membrane. The decrease in the haemolysis percentage observed is related to the appreciable protective effect of the extracts of T. cacao on the erythrocyte membrane, hence their resistance to haemolysis. Indeed, the extracts would prevent the generation of prooxidants and reduce the damages caused to the erythrocyte membrane, the adhesion to phagocytosis of the oxidized erythrocytes and consequently reduce haemolysis 37 . These results are similar to those obtained by Nanfack et al. 15 on extracts of Zanthoxylum heitzii.
Determination of total polyphenols and flavonols contents revealed higher contents of total polyphenols and flavonols in the extracts. This content being higher in the cocoa extract of Obala especially as regards the content of flavonols would probably explain its strong antisickling and antioxidant activities. This is in agreement with the studies made by Andújar et al. 19 which show that flavonols and procyanidins are the main polyphenols contained in cocoa.
However, the ability of the Obala cocoa extracts to reduce the iron was greater than that of the Santchou cocoa extracts. According to the results obtained, we can suggest here that it would be the phenolic compounds (flavonols) present in our extracts acting as reducing agents by converting the free radicals into more stable compounds 38 . Oxidation of haemoglobin (Fe 2+ ) to methemohaemoglobin (Fe 3+ ) in sickle cell anemia is due to the important oxidative stress in sickle red blood cells 39, 40 . Hence our extracts, which were able to reduce Fe 3+ to Fe 2+ , would have an antioxidant effect on sickle red cells and would therefore be useful in the management of sickle cell anaemia.
The trapping test of the DPPH radical is widely used in the investigation of the antioxidant activity of several natural compounds, thus making it possible to test their ability to act as free radical scavengers or hydrogen donors 41 . It is well known that nitric oxide (NO) plays an important role in various processes of inflammation. The maintenance of a high level of this radical is directly toxic to the tissues and leads to a vascular collapse 42 consequently, the ability of a compound to trap this radical would make it a good antioxidant. The ABTS trapping test is known to be one of the fastest methods for determining the antioxidant activity of compounds and can be a useful tool for screening samples to obtain a large number of natural antioxidants effects in food 43 . In general, the extracts inhibited the DPPH°, NO° and ABTS° radicals. This ability to trap free radicals was much more important EON. The ability of these to trap the free radicals is due to their high content in total polyphenols (flavonols), which corroborates the works of Schinella et al. 44 who studied the invitro antioxidant activity of cocoa extracts and showed that this activity was directly proportional to their polyphenol content. We also corroborate the study with those of Chin et al. 45 , which shows that the antioxidant activity of cocoa and its ability to trap free radicals is linked to its flavonols. The antioxidant activity of the extracts was better on the DPPH° radical (IC50 between 2.12 and 3.48 μg/mL) followed by the ABTS° radical (IC50 between 4.33 and 5.79 μg/mL) and the NO° radical (IC50 between 4.33 and 5.86 μg/mL).
CONCLUSION
Compared to the Santchou cocoa extracts, Obala's cocoa extracts have the best in vitro antisickling activity at all concentrations and even after 24 h of sickling induction. It is followed by the Santchou cocoa extracts, whose activity decreases after 4 h. The cocoa extracts and especially those of Obala cocoa have a better antioxidant potential. In view of all of the above, these data constitute a preliminary step to the development of a future treatment against sickle cell anaemia.
